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OIL STATE DETECTION DEVICE, WORK
MACHINE, MANAGEMENT SYSTEM, AND
OIL STATE DETECTION METHOD

FIELD

The present invention relates to an oil state detection
device, a work machine, a management system, and an oil
state detection method.

BACKGROUND

Oil is used in a machine device. For example, a hydraulic
oil is used or a lubricating oil is used in a hydraulic
equipment. Also, a lubricating oil is used in an engine. A
property of oil including at least one of the hydraulic oil and
the lubricating oil is gradually deteriorated. A liquid prop-
erty identification device used to determine a deterioration
state of liquid is disclosed in Patent Literature 1.

CITATION LIST
Patent Literature

Patent Literature 1: Japanese Laid-open Patent Publica-
tion No. 2012-173036

SUMMARY
Technical Problem

When deteriorated oil is kept used, abrasion of a sliding
part of a machine device is accelerated and a trouble such as
a breakdown or damage of the machine device is generated,
for example. In order to control generation of a trouble in a
machine device, a technology with which a state of oil can
be grasped accurately is demanded.

An aspect of the present invention is to provide an oil state
detection device, a work machine, a management system,
and an oil state detection method with which a state of oil
can be grasped.

Solution to Problem

According to a first aspect of the present invention, an oil
state detection device comprises: an index member; a light-
ing device that illuminates the index member; and a photo-
graphing device that photographs the index member through
oil in a machine device.

According to a second aspect of the present invention, a
work machine comprises: the oil state detection device
according to the first aspect; and a determination unit that
determines a state of the oil on the basis of image data
acquired by the photographing device of the oil state detec-
tion device.

According to a third aspect of the present invention, a
management system comprises: the oil state detection device
according to the first aspect; and a determination unit that
determines a state of the oil on the basis of image data
acquired by the photographing device of the oil state detec-
tion device.

According to a fourth aspect of the present invention, an
oil state detection method comprises: illuminating an index
member through oil in a machine device; and photographing
the index member through the oil.

Advantageous Effects of Invention

According to an aspect of the present invention, an oil
state detection device, a work machine, a management
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2

system, and an oil state detection method with which a state
of oil can be grasped is provided.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is a view schematically illustrating one example of
a work machine and a management system of the work
machine according to a first embodiment.

FIG. 2 is a view schematically illustrating one example of
a hydraulic system according to the first embodiment.

FIG. 3 is a sectional side view schematically illustrating
one example of an oil state detection device according to the
first embodiment.

FIG. 4 is a sectional view illustrating one example of a
flow channel part according to the first embodiment.

FIG. 5 is a view illustrating one example of an index
member according to the first embodiment.

FIG. 6 is a functional block diagram illustrating a work
machine, a server, and a communication terminal according
to the first embodiment.

FIG. 7 is a flowchart illustrating one example of an
operation of an excavator and a management system accord-
ing to the first embodiment.

FIG. 8 is a view schematically illustrating one example of
image data acquired by a photographing device according to
the first embodiment.

FIG. 9 is a view schematically illustrating one example of
image data acquired by the photographing device according
to the first embodiment.

FIG. 10 is a view for describing a hydraulic oil state
detection method by an oil state detection device according
to a second embodiment.

FIG. 11 is a view for describing a hydraulic oil state
detection method by an oil state detection device according
to a third embodiment.

FIG. 12 is a view for describing a hydraulic oil state
detection method by an oil state detection device according
to a fourth embodiment.

FIG. 13 is a view schematically illustrating one example
of an oil state detection device provided in an engine
according to a fifth embodiment.

DESCRIPTION OF EMBODIMENTS

In the following, embodiments according to the present
invention will be described with reference to the drawings.
However, the present invention is not limited to these.
Configuration elements of the embodiments described in the
following can be arbitrarily combined. Also, there is a case
where a part of the configuration elements is not used.

First Embodiment

[Work Machine and Management System|

FIG. 1 is a view schematically illustrating one example of
awork machine 1 and a management system 100 of the work
machine 1 according to the present embodiment. In the
present embodiment, an example in which the work machine
1 is an excavator 1 will be described. In the following
description, the work machine 1 will be arbitrarily referred
to as the excavator 1.

The excavator 1 is in a workplace and works in the
workplace. The management system 100 is in the workplace
or a place distant from the workplace.

The excavator 1 includes a working equipment 2, a
hydraulic cylinder 3 to drive the working equipment 2, a
swinging body 4 to support the working equipment 2, a
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traveling body 5 to support the swinging body 4 in a
swingable manner, a control device 20 including a computer
system, a display device 15 arranged in an operating room,
an engine 30 that is a power source of the excavator 1, and
a hydraulic system 40 in which a hydraulic oil flows. The
working equipment 2 is coupled to the swinging body 4. The
traveling body 5 includes a crawler track. The excavator 1
travels by a rotation of the crawler track.

The working equipment 2 includes a boom 6 coupled to
a swinging body 3, an arm 7 coupled to the boom 6, and a
bucket 8 coupled to the arm 7.

The hydraulic cylinder 3 includes a boom cylinder 10 to
drive the boom 6, an arm cylinder 11 to drive the arm 7, and
a bucket cylinder 12 to drive the bucket 8.

The management system 100 manages an operating con-
dition of the excavator 1, and a state of the hydraulic system
40 mounted in the excavator 1. The management system 100
manages one or a plurality of excavators 1. The plurality of
excavators 1 may be in one workplace or may be in a
plurality of different workplaces respectively. Note that one
excavator 1 is illustrated as one example in FIG. 1.

Note that the management system 100 may manage a
work machine of a kind different from the excavator 1. For
example, a bulldozer or a wheel loader is exemplified as a
work machine of a kind different from the excavator 1. The
management system 100 may manage both of the bulldozer
and the excavator 1, for example.

The management system 100 includes a server 110
including a computer system, and a display device 120
connected to the server 110.

The control device 20 of the excavator 1, the server 110
of the management system 100, and a communication ter-
minal 300 communicate with each other through a commu-
nication system 200. The communication system 200
includes a wireless communication device 201 provided in
the excavator 1, a wireless communication device 202
provided in the server 110, and a wireless communication
device 203 provided in the communication terminal 300.
The communication system 200 includes at least one of the
Internet, a local area network (LAN), a mobile-phone com-
munication network, and a satellite communication network.

The communication terminal 300 is a mobile device that
can be held by a driver of the excavator 1, a worker working
in a workplace, a supervisor of a workplace, or an admin-
istrator to perform maintenance and a checkout of the
excavator 1. The communication terminal 300 includes a
mobile computer system such as a smartphone or a tablet-
type personal computer.

[Hydraulic System]

FIG. 2 is a view schematically illustrating one example of
the hydraulic system 40 according to the present embodi-
ment. As illustrated in FIG. 2, the hydraulic system 40
includes a hydraulic pump 41 driven by power generated in
the engine 30, a main valve 48 connected to the hydraulic
pump 41 through a pipeline 42, a hydraulic motor 43 driven
on the basis of a hydraulic oil supplied from the hydraulic
pump 41 through the main valve 48, a hydraulic cylinder 3
driven on the basis of a hydraulic oil supplied from the
hydraulic pump 41 through the main valve 48, and a
hydraulic oil tank 44 that stores the hydraulic oil. Note that
a hydraulic pump 41 that discharges a hydraulic oil supplied
to the hydraulic motor 43, and a hydraulic pump 41 that
discharges a hydraulic oil supplied to the hydraulic cylinder
3 may be different hydraulic pumps. Note that a plurality of
hydraulic motors 43 may be provided. The hydraulic motor
43 may be a swivel motor to make the swinging body 4
swing.
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The engine 30 is a power source of the hydraulic pump 41.
The engine 30 is, for example, a diesel engine.

The hydraulic pump 41 is a power source of the hydraulic
motor 43 and a power source of the hydraulic cylinder 3. The
hydraulic pump 41 is connected to an output shaft of the
engine 30 and is driven by power generated in the engine 30.
The hydraulic pump 41 sucks the hydraulic oil stored in the
hydraulic oil tank 44 and performs a discharge from a
discharge port. The hydraulic oil discharged from the
hydraulic pump 41 is supplied to the hydraulic motor 43
through the main valve 48 and a pipeline 45. Also, the
hydraulic oil discharged from the hydraulic pump 41 is
supplied to the hydraulic cylinder 3 through the main valve
48 and a pipeline 46.

The hydraulic motor 43 is a power source of the traveling
body 5. The traveling body 5 travels by power generated in
the hydraulic motor 43. The hydraulic oil discharged from
the hydraulic pump 41 flows into the hydraulic motor 43
through the main valve 48 and the pipeline 45. An output
shaft of the hydraulic motor 43 rotates on the basis of the
hydraulic oil. By the rotation of the output shaft of the
hydraulic motor 43, the traveling body 5 connected to the
output shaft of the hydraulic motor 43 travels. The hydraulic
oil flowing out of the hydraulic motor 43 returns to the
hydraulic oil tank 44 through the main valve 48.

The hydraulic cylinder 3 is a power source of the working
equipment 2. The working equipment 2 operates by power
generated in the hydraulic cylinder 3. The hydraulic oil
discharged from the hydraulic pump 41 flows into the
hydraulic cylinder 3 through the main valve 48 and the
pipeline 46. The hydraulic cylinder 3 is extended/contracted
on the basis of the hydraulic oil. By extraction/contraction of
the hydraulic cylinder 3, the working equipment 2 coupled
to the hydraulic cylinder 3 operates. The hydraulic oil
discharged from the hydraulic cylinder 3 returns to the
hydraulic oil tank 44 through the main valve 48.

[Oil State Detection Device]

FIG. 3 is a sectional side view schematically illustrating
one example of a state detection device 50 according to the
present embodiment. The state detection device 50 detects a
state of a hydraulic oil of a hydraulic equipment. In the
present embodiment, the hydraulic equipment includes at
least one of the hydraulic pump 41, the hydraulic motor 43,
the hydraulic cylinder 3, the hydraulic oil tank 44, the
pipeline 42, the pipeline 45, and the pipeline 46. For
example, as illustrated in FIG. 2, it is assumed in the
following description that the state detection device 50 is
attached to the hydraulic oil tank 44 and detects a state of a
hydraulic oil stored in an internal space of the hydraulic oil
tank 44.

As illustrated in FIG. 3, the state detection device 50
includes an index member 80, a lighting device 70 that
illuminates the index member 80, and a photographing
device 60 that photographs the index member 80 through the
hydraulic oil in the hydraulic oil tank 44.

Also, the state detection device 50 includes a plug 51 that
supports the photographing device 60, a spacer member 52
supported by the plug 51, a grommet 55 connected to the
plug 51, a cap member 56 attached to the plug 51 and the
grommet 55, and a holding member 57 coupled to the plug
51.

The plug 51 is a metallic cylindrical member. The plug 51
is detachably attached to at least a part of the hydraulic oil
tank 44. In the present embodiment, the plug 51 is detach-
ably arranged in an opening 47 that connects an internal
space and an external space of the hydraulic oil tank 44. In
the present embodiment, the opening 47 is provided in a side
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plate of the hydraulic oil tank 44. Note that the opening 47
may be provided in a bottom plate of the hydraulic oil tank
44.

The plug 51 includes a shaft part 51A arranged in the
opening 47 in the hydraulic oil tank 44, a flange part 51B
that is arranged next to the shaft part 51A in an axial
direction of the plug 51 and that has a larger outside diameter
than the shaft part 51A, a head part 51C that is arranged next
to the flange part 51B in the axial direction of the plug 51
and that has a smaller outside diameter than the flange part
51B, and a cap attachment part 51D that is arranged next to
the head part 51C in the axial direction of the plug 51 and
that has a smaller outside diameter than the head part 51C.

The shaft part 51A is a part arranged in the opening 47 in
the hydraulic oil tank 44. A screw thread 51E is provided on
an outer surface of the shaft part S1A. A thread groove
coupled with the screw thread 51F is provided in an inner
surface of the opening 47 in the hydraulic oil tank 44. By
coupling between the screw thread 51F on the shaft part 5S1A
and the thread groove in the opening 47, the plug 51 is
attached to the hydraulic oil tank 44. By release of the
coupling between the screw thread 51F on the shaft part 5S1A
and the thread groove in the opening 47, the plug 51 is
detached from the hydraulic oil tank 44.

The flange part 51B is a part in contact with an outer
surface of the side plate of the hydraulic oil tank 44. The
flange part 51B is annular on a plane orthogonal to a central
axis of the plug 51.

The head part 51C is a part operated with a tool when the
plug 51 is attached to the hydraulic oil tank 44 or the plug
51 is detached from the hydraulic oil tank 44. An outer shape
of'the head part 51C is quadrangular or hexagonal on a plane
orthogonal to the central axis of the plug 51.

The cap attachment part 51D is a part to which the cap
member 56 is attached. A screw thread 51F is provided on
an outer surface of the cap attachment part 51D. A thread
groove coupled with the screw thread 51F is provided in an
inner surface of the cap member 56. By coupling between
the screw thread 51F on the cap attachment part 51D and the
thread groove in the cap member 56, the cap member 56 is
attached to the plug 51. By release of the coupling between
the screw thread 51F on the cap attachment part 51D and the
thread groove in the cap member 56, the cap member 56 is
detached from the plug 51. A part of the cap member 56 is
arranged around the cap attachment part 51D. A part of the
cap member 56 is arranged around the grommet 55.

The plug 51 has an attachment hole 53 extended in the
axial direction of the plug 51. The attachment hole 53
penetrates a leading end surface of the shaft part 51A and a
base end surface of the cap attachment part 51D. The leading
end surface of the shaft part 51A faces the internal space of
the hydraulic oil tank 44. The base end surface of the cap
attachment part 51D is arranged in the external space of the
hydraulic oil tank 44.

The attachment hole 53 has a grommet fitting hole part
53A in which at least a part of the grommet 55 is arranged,
a first housing hole part 53B that is arranged next to the
grommet fitting hole part 53A in the axial direction of the
plug 51 and that has a smaller inside diameter than the
grommet fitting hole part 53A, and a second housing hole
part 53C that is arranged next to the first housing hole part
53B in the axial direction of the plug 51 and that has a larger
inside diameter than the first housing hole part 53B.

The grommet fitting hole part 53A is a part in which at
least a part of the grommet 55 is arranged. An end part of the
grommet fitting hole part 53A is connected to an opening
provided in the base end surface of the cap attachment part
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51D. The first housing hole part 53B is a part in which at
least a part of the photographing device 60 is arranged. The
second housing hole part 53C is a part in which at least a part
of the spacer member 52 is arranged.

The spacer member 52 is a transparent member that can
transmit visible light. The spacer member 52 is a columnar
member arranged in the second housing hole part 53C. The
spacer member 52 has a leading end surface 52A, a base end
surface 52B facing an opposite direction of the leading end
surface 52A, an outer peripheral surface 52C that connects
an outer edge of the leading end surface 52A and an outer
edge of the base end surface 52B.

The leading end surface 52A of the spacer member 52
faces the internal space of the hydraulic oil tank 44. The
leading end surface 52A is in contact with the hydraulic oil
stored in the hydraulic oil tank 44. An outer edge region in
the base end surface 52B of the spacer member 52 is
supported by a pressure-receiving surface 53D. A central
region in the base end surface 52B of the spacer member 52
faces the photographing device 60.

The spacer member 52 has a heat-resistance property and
an oil-resistance property. In the present embodiment, the
spacer member 52 has a polycarbonate resin. Note that the
spacer member 52 may be made of glass.

The spacer member 52 is arranged in a position closer to
the internal space of the hydraulic oil tank 44 than the
photographing device 60. The spacer member 52 is arranged
in a boundary between the internal space and the external
space of the hydraulic oil tank 44. The photographing device
60 is arranged in the external space of the hydraulic oil tank
44. The spacer member 52 protects the photographing
device 60 from a pressure or contamination by the hydraulic
oil in the internal space of the hydraulic oil tank 44.

The holding member 57 holds the index member 80. The
holding member 57 holds the index member 80 in such a
manner as to face the spacer member 52. In the present
embodiment, the holding member 57 holds the index mem-
ber 80 in such a manner that the leading end surface 52A of
the spacer member 52 and a surface 80S of the index
member 80 face each other via a gap.

The holding member 57 is coupled to the plug 51. The
holding member 57 has a cylindrical part 57A arranged
between an inner surface of the second housing hole part
53C of the plug 51 and the outer peripheral surface 52C of
the spacer member 52, a flow channel part 57B arranged
next to the cylindrical part 57A in the axial direction of the
plug 51, and a holding part 57C arranged next to the flow
channel part 57B in the axial direction of the plug 51.

The cylindrical part 57A is arranged around the outer
peripheral surface 52C of the spacer member 52 in the
second housing hole part 53C of the attachment hole 53. The
cylindrical part 57A is sandwiched between the inner surface
of the second housing hole part 53C and the outer peripheral
surface 52C of the spacer member 52, whereby the holding
member 57 is supported by the plug 51. In the present
embodiment, an O ring-like sealing member 59 is provided
between the inner surface of the second housing hole part
53C and an outer surface of the cylindrical part 57A. In the
present embodiment, a seal groove 57D is provided in an
outer peripheral surface of the cylindrical part 57A. The
sealing member 59 is arranged in the seal groove 57D. Also,
an O ring-like sealing member 54 is arranged between an
inner peripheral surface of the cylindrical part 57A and the
outer peripheral surface 52C of the spacer member 52. In the
present embodiment, a seal groove 57E is provided in the
inner peripheral surface of the cylindrical part 57A. The
sealing member 54 is arranged in the seal groove 57E. By
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the sealing member 54 and the sealing member 59, intrusion
of the hydraulic oil in the internal space of the hydraulic oil
tank 44 into the photographing device 60 is controlled.

The holding part 57C holds the index member 80 in such
a manner that the index member 80 and the spacer member
52 face each other via a gap. The surface 80S of the index
member 80 held by the holding part 57C and the leading end
surface 52A of the spacer member 52 supported by the plug
51 face each other via a gap.

The flow channel part 57B is arranged between the index
member 80 held by the holding part 57C and the spacer
member 52 supported by the plug 51. The flow channel part
57B couples the cylindrical part 57A and the holding part
57C. The flow channel part 57B is a cylindrical member. An
opening 58 is provided in a part of the flow channel part
57B.

The flow channel part 57B, the holding part 57C, and the
index member 80 held by the holding part 57C are arranged
in the internal space of the hydraulic oil tank 44. The flow
channel part 57B, the holding part 57C, and the index
member 80 held by the holding part 57C are immersed in the
hydraulic oil stored in the internal space of the hydraulic oil
tank 44.

The photographing device 60 photographs the index
member 80 through the hydraulic oil in the hydraulic oil tank
44. The photographing device 60 is supported by the plug
51. A part of the photographing device 60 is arranged in the
first housing hole part 53B. A part of the photographing
device 60 is attached to the grommet 55.

An optical path FL between the surface 80S of the index
member 80 and the leading end surface 52A of the spacer
member 52 is filled with the hydraulic oil. In the present
embodiment, the photographing device 60 acquires image
data of the index member 80 and image data of the hydraulic
oil that fills the optical path FL. The photographing device
60 acquires the image data of the index member 80 and the
image data of the hydraulic oil in the optical path FL. through
the spacer member 52. The image data acquired by the
photographing device 60 is output to the control device 20.

The photographing device 60 includes an optical system
61, and an image sensor 62 that receives light through the
optical system 61. The optical system 61 includes at least
one collecting lens. The optical system 61 faces the base end
surface 52B of the spacer member 52. The image sensor 62
includes a charge coupled device (CCD) image sensor or a
complementary metal oxide semiconductor (CMOS) image
sensor.

The lighting device 70 illuminates the surface 80S of the
index member 80 through the hydraulic oil in the optical
path FL and the spacer member 52. The lighting device 70
includes a light emitting diode (LED) and emits illumination
light. The lighting device 70 faces the base end surface 52B
of the spacer member 52. The lighting device 70 is arranged
around an optical axis of the optical system 61. The lighting
device 70 emits illumination light to the surface 80S of the
index member 80 through the spacer member 52 and the
hydraulic oil in the optical path FL.

The optical path FL is defined inside the flow channel part
57B. The optical path FL includes an optical path of the
illumination light emitted from the lighting device 70 to the
index member 80 and an optical path of reflection light of
the illumination light reflected on the surface 80S of the
index member 80. At least a part of the hydraulic oil stored
in the internal space of the hydraulic oil tank 44 flows in the
optical path FL. between the index member 80 and the spacer
member 52. The optical path FL is filled with the hydraulic
oil.
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Through the hydraulic oil, which fills the optical path FL,,
and a spacer member 51, the photographing device 60
photographs the index member 80 illuminated by the light-
ing device 70. With this arrangement, image data of the
index member 80 and image data of the hydraulic oil in the
optical path FL are acquired through the spacer member 52.

FIG. 4 is a sectional view illustrating one example of the
flow channel part 57B according to the present embodiment.
FIG. 4 is a sectional view of the flow channel part 57B on
a plane orthogonal to an optical axis of the optical system 61
and corresponds to a cross-sectional arrow view taken along
the line A-A in FIG. 3. As illustrated in FIG. 4, the flow
channel part 57B is an annular member surrounding the
optical path FL. The flow channel part 57B includes a
plurality of openings 58. At least a part of the hydraulic oil
stored in the hydraulic oil tank 44 flows into an inner side of
the flow channel part 57B through the openings 58. With this
arrangement, the optical path FL is filled with the hydraulic
oil. Also, at least a part of the hydraulic oil that fills the
optical path FL flows to an outer side of the flow channel
part 57B through the openings 58. In the present embodi-
ment, the flow channel part 57B is immersed in the hydraulic
oil in the hydraulic oil tank 44, and the hydraulic oil runs in
a space on an inner side of the flow channel part 57B
including the optical path FL and a space on an outer side of
the flow channel part 57B.

[Index Member]

FIG. 5 is a view illustrating one example of the index
member 80 according to the present embodiment. As illus-
trated in FIG. 4 and FIG. 5, the index member 80 is a
plate-like member. The index member 80 has a heat-resis-
tance property and an oil-resistance property. In the present
embodiment, the index member 80 has a polyacetal resin.

The index member 80 has a surface 80S, and a rear
surface 80T facing an opposite direction of the surface 80S.
The surface 80S of the index member 80 is in contact with
the hydraulic oil in the optical path FL.. The rear surface 80T
of the index member 80 faces the holding part 57C.

The index member 80 has a plurality of marks M for
determination of transparency of the hydraulic oil. The
plurality of marks M is provided on the surface 80S of the
index member 80. The marks M are drawn on the surface
80S of the index member 80 with an oil-resistant ink.

In the present embodiment, the surface 80S of the index
member 80 is white. The marks M are drawn with an
oil-resistant ink in a hue different from white on the white
surface 80S (base). In the present embodiment, each of the
plurality of marks M has a hue identical or approximate to
that of the hydraulic oil. A hue of the plurality of marks M
is, for example, brown.

In the present embodiment, eight marks M are provided
on the index member 80. In the present embodiment, the
marks M have a design in which numbers “0.5,” “1,” “2,”
“3,7 ¢4 “5«6,” “7,” and “8” are respectively surrounded
by circles. In the following description, the mark M includ-
ing “0.5” is arbitrarily referred to as a reference mark M0 in
the following description. The mark M including “1” is
arbitrarily referred to as a first mark M1. The mark M
including “2” is arbitrarily referred to as a second mark M2.
The mark M including “3” is arbitrarily referred to as a third
mark M3. The mark M including “4” is arbitrarily referred
to as a fourth mark M4. The mark M including “5” is
arbitrarily referred to as a fifth mark M5. The mark M
including “6” is arbitrarily referred to as a sixth mark M6.
The mark M including “7” is arbitrarily referred to as a
seventh mark M7. The mark M including “8” is arbitrarily
referred to as an eighth mark M8.



US 10,996,164 B2

9

Note that the marks M include numbers in the present
embodiment. However, alphabets may be included instead
of the numbers.

In the present embodiment, the plurality of marks M has
different color density. In the present embodiment, density
of the reference mark MO is the lowest, density of the first
mark M1 is low next to the reference mark M0, density of
the second mark M2 is low next to the first mark M1, density
of the third mark M3 is low next to the second mark M2,
density of the fourth mark M4 is low next to the third mark
M3, density of the fifth mark M5 is low next to the fourth
mark M4, density of the sixth mark M6 is low next to the
fifth mark M5, density of the seventh mark M7 is low next
to the sixth mark M6, and density of the eighth mark M8 is
the highest among the plurality of marks M.

Note that the plurality of marks M may have different
luminosity. For example, luminosity may be in the following
manner. That is, luminosity of the reference mark M0 is the
highest, luminosity of the first mark M1 is high next to the
reference mark M0, luminosity of the second mark M2 is
high next to the first mark M1, luminosity of the third mark
M3 is high next to the second mark M2, luminosity of the
fourth mark M4 is high next to the third mark M3, lumi-
nosity of the fifth mark M5 is high next to the fourth mark
M4, luminosity of the sixth mark M6 is high next to the fifth
mark M5, luminosity of the seventh mark M7 is high next
to the sixth mark M6, and luminosity of the eighth mark M8
is the lowest among the plurality of marks M.

Note that the plurality of marks M may have different
chroma. For example, chroma may be in the following
manner. That is, chroma of the reference mark MO0 is the
highest, chroma of the first mark M1 is high next to the
reference mark M0, chroma of the second mark M2 is high
next to the first mark M1, chroma of the third mark M3 is
high next to the second mark M2, chroma of the fourth mark
M4 is high next to the third mark M3, chroma of the fifth
mark M5 is high next to the fourth mark M4, chroma of the
sixth mark M6 is high next to the fifth mark M5, chroma of
the seventh mark M7 is high next to the sixth mark M6, and
chroma of the eighth mark M8 is the lowest among the
plurality of marks M.

The marks M correspond to a color that changes depend-
ing on a deterioration state of the hydraulic oil. Also, the
marks M may be prepared for each hydraulic oil manufac-
turer.

In the present embodiment, the plurality of marks M is
arranged in parallel with intervals on the surface 80S of the
index member 80. Each of the plurality of marks M is
arranged in a visual field region of the optical system 61 of
the photographing device 60.

[Control device, server, and communication terminal]
FIG. 6 is a functional block diagram illustrating the exca-
vator 1, the server 110, and the communication terminal 300
according to the present embodiment.

The control device 20 includes a computer system
mounted in the excavator 1. The control device 20 includes
an arithmetic processing device 21 including a processor
such as a central processing unit (CPU), a storage device 22
including a non-volatile memory such as a random access
memory (RAM) and a volatile memory such as a read only
memory (ROM), and an input/output interface 23.

The arithmetic processing device 21 includes an image
data acquisition unit 21A, an image processing unit 21B, a
determination unit 21C, an output unit 21D, a lighting
control unit 21E, and a display control unit 21F.

The image data acquisition unit 21 A acquires image data,
which is acquired by the photographing device 60, from the

15

20

25

40

45

50

55

65

10

photographing device 60 by wire, air, or a controller area
network (CAN). The image processing unit 21B performs
image processing of the image data acquired by the image
data acquisition unit 21A.

The determination unit 21C determines a state of the
hydraulic oil on the basis of the image data which is acquired
by the image data acquisition unit 21A and on which the
image processing is performed by the image processing unit
21B.

The output unit 21D outputs the image data acquired by
the image data acquisition unit 21A, the image data on
which the image processing is performed by the image
processing unit 21B, and determination data indicating a
result of the determination by the determination unit 21C to
the server 110 through the input/output interface 23 and the
communication system 200.

The lighting control unit 21E outputs a control signal to
control the lighting device 70 provided in the state detection
device 50.

The display control unit 21F outputs display data to be
displayed on the display device 15 provided in the excavator
1. The display device 15 includes a flat panel display such
as a liquid crystal display (LCD) or an organic electrolumi-
nescence display (OELD). The display data includes at least
one of the image data acquired by the image data acquisition
unit 21A, the image data on which the image processing is
performed by the image processing unit 21B, and the
determination data indicating a result of the determination
by the determination unit 21C.

The server 110 includes a computer system. The server
110 includes an arithmetic processing device 111 including
a processor such as a central processing unit (CPU), a
storage device 112 including a non-volatile memory such as
a random access memory (RAM) and a volatile memory
such as a read only memory (ROM), and an input/output
interface 113.

The arithmetic processing device 111 includes an image
data acquisition unit 111A, an image processing unit 111B,
a determination unit 111C, an output unit 111D, and a
display control unit 111F.

The image data acquisition unit 111 A acquires image data
acquired by the photographing device 60 and transmitted
from the excavator 1 through the communication system
200. The image processing unit 111B performs image pro-
cessing of the image data acquired by the image data
acquisition unit 111A.

The determination unit 111C determines a state of the
hydraulic oil on the basis of the image data which is acquired
by the image data acquisition unit 111A and on which the
image processing is performed by the image processing unit
111B.

The output unit 111D outputs the image data acquired by
the image data acquisition unit 111A, the image data on
which the image processing is performed by the image
processing unit 111B, and determination data indicating a
result of the determination by the determination unit 111C to
at least one of the excavator 1 and the communication
terminal 300 through the input/output interface 113 and the
communication system 200.

The display control unit 111F outputs display data to be
displayed on the display device 120 connected to the server
110. The display device 120 includes a flat panel display
such as a liquid crystal display (LCD) or an organic elec-
troluminescence display (OELD). The display data includes
at least one of the image data acquired by the image data
acquisition unit 111A, the image data on which the image
processing is performed by the image processing unit 111B,
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and the determination data indicating a result of the deter-
mination by the determination unit 111C.

The communication terminal 300 includes a control
device 301 including a computer system, and a display
device 302 including a flat panel display. The control device
301 acquires the image data and the determination data
output from the output unit 111D of the server 110. The
image data output from the output unit 111D includes at least
one of image data which is acquired by the image data
acquisition unit 111A and on which image processing is not
performed by the image processing unit 111B yet, and image
data on which the image processing is performed by the
image processing unit 111B. The control device 301 makes
display data, which includes at least one of the image data
and the determination data, displayed on the display device
302.

[Operation]

FIG. 7 is a flowchart illustrating one example of an
operation of the excavator 1 and the management system
100 according to the present embodiment.

At a start of work in a workplace, a driver riding on the
excavator 1 operates a key switch provided in the excavator
1. By key-on, driving of the engine 30 is started and
actuation of the excavator 1 is started (Step S10).

The lighting device 70 of the state detection device 50
illuminates the index member 80 through the hydraulic oil
filling the optical path FL. The photographing device 70 of
the state detection device 50 photographs the index member
80 through the hydraulic oil filling the optical path FL.. With
this arrangement, image data of the index member 80
including the marks M is acquired by the photographing
device 60 (Step S20).

The image data acquired by the photographing device 60
is acquired by the image data acquisition unit 21A of the
control device 20. The output unit 21D of the control device
20 transmits the image data acquired by the image data
acquisition unit 21A to the server 110 through the commu-
nication system 200 (Step S30).

The image data acquisition unit 111A of the server 110
acquires the image data transmitted from the control device
20. The image processing unit 111B of the server 110
performs image processing of the image data acquired by the
image data acquisition unit 111A (Step S40).

The determination unit 111C determines a state of the
hydraulic oil stored in the hydraulic oil tank 44 on the basis
of the image data acquired by the photographing device 60.
In the present embodiment, the determination unit 111C
determines whether transparency of the hydraulic oil is
equal to or higher than a threshold on the basis of the image
data (Step S50).

The threshold with respect to the transparency of the
hydraulic oil is a predetermined value and is stored in the
storage device 112. The transparency of the hydraulic oil
being equal to or higher than the threshold means that the
hydraulic o0il has high transparency and deterioration in the
hydraulic oil is not progressed. The transparency of the
hydraulic oil being lower than the threshold means that the
hydraulic oil is cloudy, the transparency of the hydraulic oil
is decreased, and deterioration in the hydraulic oil is pro-
gressed.

Note that a plurality of thresholds may be set. When the
plurality of thresholds is set, the determination unit 111C can
determine not only whether the hydraulic oil is dirty but also
a degree (level) of dirtiness.

Each of FIG. 8 and FIG. 9 is a view schematically
illustrating one example of image data acquired by the
photographing device 60 according to the present embodi-
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ment. FIG. 8 is a view illustrating one example of image data
of when deterioration in a hydraulic oil is not progressed.
FIG. 9 is a view illustrating one example of image data of
when deterioration in a hydraulic oil is progressed.

In the present embodiment, the determination unit 111C
determines a state of a hydraulic oil on the basis of image
data of the marks M which data is acquired by the photo-
graphing device 60 As described above, the plurality of
marks M is drawn in different color density on the surface
80S of the index member 80.

As illustrated in FIG. 8, when deterioration in a hydraulic
oil is not progressed and transparency of the hydraulic oil is
high, the photographing device 60 can acquire image data of
a mark M even in a case where density (luminosity) of the
mark M is low. In the example illustrated in FIG. 8,
transparency of the hydraulic oil is high and the photograph-
ing device 60 can acquire image data of each of the first
mark M1 to the eighth mark M8.

On the one hand, as illustrated in FIG. 9, when deterio-
ration in a hydraulic oil is progressed and transparency of the
hydraulic oil is low, it is difficult for the photographing
device 60 to visually recognize an image of a mark M in a
case where density (luminosity) of the mark M is low. In the
example illustrated in FIG. 9, transparency of the hydraulic
oil is low, and the photographing device 60 cannot acquire
image data of the reference mark MO to the seventh mark
M7 although image data of the eighth mark M8 can be
acquired.

In such a manner, a progress state in deterioration in the
hydraulic oil and transparency of the hydraulic oil corre-
spond to each other, and the transparency of the hydraulic oil
and a mark M image data of which can be acquired corre-
spond to each other. Thus, the determination unit 111C can
determine transparency of the hydraulic oil on the basis of
image data of the marks M which data is acquired by the
photographing device 60.

In the present embodiment, it is assumed as one example
that a threshold with respect to transparency of the hydraulic
oil is transparency with which the image data of the seventh
mark M7 can be acquired.

In a case where it is determined in Step S50 that the
transparency of the hydraulic oil is equal to or higher than
the threshold (Step S50: Yes), the processing goes back to
the processing in Step S20. In the present embodiment, in a
case where at least the image data of the seventh mark M7
is acquired, the determination unit 111C determines that the
transparency of the hydraulic oil is equal to or higher than
the threshold.

In a case where it is determined in Step S50 that the
transparency of the hydraulic oil is not equal to or higher
than the threshold (Step S50: No), the output unit 111D
outputs determination data indicating a result of the deter-
mination by the determination unit 111C to the communi-
cation terminal 300 through the communication system 200
(Step S60). In the present embodiment, in a case where
image data of the reference mark MO to the seventh mark
M7 is not acquired, the determination unit 111C determines
that the transparency of the hydraulic oil is lower than the
threshold.

In the communication terminal 300, display data indicat-
ing that the transparency of the hydraulic oil is lower than
the threshold and deterioration in the hydraulic oil is pro-
gressed is displayed on the display device 302. With this
arrangement, an administrator who holds the communica-
tion terminal 300 can grasp a state of the hydraulic oil in the
hydraulic system 40 of the excavator 1 by looking at the
display data displayed on the display device 302. The
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administrator can take measures such as performance of
work of changing the hydraulic oil.

After the hydraulic oil is changed, the photographing
device 60 of the state detection device 50 photographs the
index member 80 through the changed hydraulic oil. Image
data acquired by the photographing device 60 is transmitted
to the server 110. On the basis of the image data acquired by
the photographing device 60, the server 110 can acquire
change history data indicating that the hydraulic oil is
changed. The change history data is stored in the storage
device 112.

[Effect]

As described above, a state detection device 50 including
an index member 80, a lighting device 70 that illuminates
the index member 80, and a photographing device 60 that
photographs the index member 80 through a hydraulic oil in
a hydraulic oil tank 44 that is one kind of a hydraulic
equipment is provided according to the present embodiment.
With this arrangement, it is possible to grasp a state of a
hydraulic oil.

For example, in a case where a state of a hydraulic oil is
visually determined, it is necessary to detach a plug provided
in the hydraulic oil tank 44. In a case where a state of the
hydraulic oil is visually determined periodically, work to
detach the plug provided in the hydraulic oil tank 44 is
generated each time. As a result, work efficiency is signifi-
cantly decreased since it is necessary to stop the working
equipment 2. Also, in visual determination of a state of the
hydraulic oil, it is likely that a variation is generated in a
determination result and that it becomes difficult to accu-
rately grasp the state of the hydraulic oil.

According to the present embodiment, it becomes unnec-
essary to visually recognize a state of a hydraulic oil since
the state detection device 50 is provided, and it is possible
to accurately and efficiently grasp the state of the hydraulic
oil at arbitrary timing.

Also, according to the present embodiment, since image
data of a hydraulic oil is acquired, it is possible to grasp not
only a deterioration state of the hydraulic oil but also
existence/non-existence of a bubble in the hydraulic oil on
the basis of the image data of the hydraulic oil.

Also, according to the present embodiment, a plurality of
marks M for determination of transparency of a hydraulic oil
is provided on the index member 80. By acquiring image
data of the marks M, it is possible to determine transparency
of the hydraulic oil according to a degree of appearance of
the marks M. Thus, it is possible to grasp a deterioration
state of the hydraulic oil quantitatively.

Also, according to the present embodiment, a plurality of
marks M is provided on the surface 80S of the index member
80 in such a manner that at least one of color density,
luminosity, and chroma thereof is different from each other.
With this arrangement, it is possible to accurately determine
transparency of a hydraulic oil according to a degree of
appearance of the marks M.

Also, in the present embodiment, the photographing
device 60 and the spacer member 52 are supported by the
plug 51, and the index member 80 is immersed in the
hydraulic oil stored in the internal space of the hydraulic oil
tank 44. The photographing device 60 photographs the index
member 80 immersed in the hydraulic oil through the
hydraulic oil and the spacer member 52. With this arrange-
ment, the photographing device 60 can acquire image data
of the surface 80S of the index member 80, which is in
contact with the hydraulic oil, in a state of being protected
by the spacer member 52 from the hydraulic oil. It is
possible to accurately determine transparency of the hydrau-
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lic oil on the basis of the image data of the surface 80S of
the index member 80 in contact with the hydraulic oil.

Also, according to the present embodiment, the holding
member 57 that holds the index member 80 is coupled to the
plug 51. With this arrangement, a variation in a relative
position between an index member 50 and the photograph-
ing device 60 supported by the plug 51 is controlled. The
index member 80 and the spacer member 52 face each other
via a gap. With this arrangement, the photographing device
60 can acquire image data of the index member 80 through
the spacer member 52.

Also, in the present embodiment, the photographing
device 60 supported by the plug 51 is arranged in the
external space of the hydraulic oil tank 44. With this
arrangement, a contact between the photographing device 60
and the hydraulic oil is controlled.

Second Embodiment

The second embodiment will be described. In the follow-
ing description, the same sign is assigned to a configuration
element identical or equivalent to that of the above-de-
scribed embodiment, and a description thereof is simplified
or omitted.

In the present embodiment, a lighting device 70 illumi-
nates an index member 80 with a plurality of pieces of
different colored light. In the present embodiment, no mark
is provided on the index member 80. A surface 80S of the
index member 80 is blank. A color of the surface 80S is
white.

The lighting device 70 can illuminate the index member
80, for example, with red light, blue light, and green light.
A lighting control unit 21E controls the lighting device 70 in
such a manner that the index member 80 is illuminated with
specific colored light.

An image sensor 62 receives reflection light of colored
light reflected on the index member 80. When red light is
emitted from the lighting device 70, the image sensor 62
receives reflection light of the red light emitted to the index
member 80. When green light is emitted from the lighting
device 70, a photographing device 60 receives reflection
light of the green light emitted to the index member 80.
When blue light is emitted from the lighting device 70, the
photographing device 60 receives reflection light of the blue
light emitted to the index member 80.

Image data (light reception data) of the reflection light
which data is acquired by the photographing device 60 is
transmitted to a server 110. A determination unit 111C of the
server 110 determines a state of a hydraulic oil on the basis
of the reflection light received by the photographing device
60. The image data (light reception data) of the reflection
light which data is acquired in the photographing device 60
includes intensity of reflection light of colored light reflected
on the surface 80S of the index member 80.

FIG. 10 is a view for describing a hydraulic oil state
detection method by a state detection device 50 according to
the present embodiment. In a graph illustrated in FIG. 10, a
horizontal axis indicates a wavelength of reflection light
received by the photographing device 60. A vertical axis
indicates reflectance indicating a ratio between intensity of
colored light emitted to the surface 80S of the index member
80 and intensity of reflection light of the colored light
reflected on the surface 80S. The intensity of colored light
emitted to the surface 80S is a known value controlled by the
lighting control unit 21E. The intensity of reflection light of
the colored light reflected on the surface 80S is a value
detected by the photographing device 60.
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Reflectance of each piece of colored light varies depend-
ing on transparency of a hydraulic oil. When colored light is
emitted through a fresh hydraulic oil (hydraulic oil having
high transparency), reflectance of each piece of colored light
is in a manner illustrated in FIG. 10(A). On the one hand,
when colored light is emitted through a deteriorated hydrau-
lic 01l (hydraulic oil having low transparency), reflectance of
each piece of colored light is in a manner illustrated in FIG.
10(B). In such a manner, reflectance characteristics of a
plurality of pieces of colored light vary according to trans-
parency of the hydraulic oil.

Correlation data indicating a relationship between trans-
parency of a hydraulic oil and a reflectance characteristic of
colored light is stored in a storage device 112. The correla-
tion data includes so-called table data. The determination
unit 111C calculates reflectance of colored light on the basis
of intensity of reflection light which intensity is acquired by
the photographing device 60 and intensity of colored light
emitted to the surface 80S which intensity is derived from a
control signal from the lighting control unit 21E. The
determination unit 111C determines transparency of the
hydraulic oil on the basis of the calculated reflectance of
colored light and the correlation data stored in the storage
device 112.

As described above, according to the present embodi-
ment, it is possible to grasp a state of a hydraulic oil on the
basis of a reflectance characteristic of each piece of colored
light. According to the present embodiment, it is not nec-
essary to provide a mark on the index member 80.

Third Embodiment

The third embodiment will be described. In the following
description, the same sign is assigned to a configuration
element identical or equivalent to that of the above-de-
scribed embodiment, and a description thereof is simplified
or omitted.

FIG. 11 is a view for describing a hydraulic oil state
detection method by a state detection device 50 according to
the present embodiment. In the present embodiment, a
photographing device 60 photographs a surface 80S of an
index member 80 arranged in each of a plurality of positions
at different distances from the photographing device 60. In
the present embodiment, the index member 80 has a surface
80S arranged in each of a plurality of positions at different
distances from the photographing device 60 in a direction in
parallel with an optical axis of an optical system 61 of the
photographing device 60. In the present embodiment, the
surface 80S has a surface 80S1 having the longest distance
to an imaging device 60, a surface 80S2 having a long
distance to the imaging device 60 next to the surface 80S1,
a surface 80S3 having a long distance to the imaging device
60 next to the surface 80S2, a surface 80S4 having a long
distance to the imaging device 60 next to the surface 80S3,
a surface 80S5 having a long distance to the imaging device
60 next to the surface 8054, and a surface 80S6 having the
shortest distance to the imaging device 60.

In the present embodiment, no mark is provided on the
surface 80S of the index member 80. Note that marks M with
identical hue, luminosity, and chroma may be respectively
provided on the plurality of surfaces 80S.

The photographing device 60 acquires image data of the
plurality of surfaces 80S through a hydraulic oil. The image
data acquired by the photographing device 60 is transmitted
to a server 110.

A determination unit 111C of the server 110 determines a
state of the hydraulic oil on the basis of the image data of the
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surfaces 80S of the index member 80 which surfaces are
respectively arranged in the plurality of positions. In a case
where deterioration in the hydraulic oil is not progressed and
transparency of the hydraulic oil is high, the photographing
device 60 can acquire image data of the surface 80S1 having
the longest distance to the photographing device 60. On the
one hand, in a case where deterioration in the hydraulic oil
is progressed and transparency of the hydraulic oil is low,
the photographing device 60 cannot acquire image data of
the surface 80S1 having the longest distance to the photo-
graphing device 60. As the transparency of the hydraulic oil
becomes low, the surface 80S image data of which can be
acquired by the photographing device 60 serially changes to
the surface 80S2, the surface 80S3, the surface 80S4, the
surface 80S5, and the surface 80S6. Thus, the determination
unit 111C can determine a state of the hydraulic oil on the
basis of the image data of the plurality of surfaces 80S which
data is acquired by the photographing device 60.

As described above, it is possible to grasp a state of a
hydraulic oil on the basis of a distance to a surface 80S
image data of which can be acquired.

Note that it is assumed in the present embodiment that one
index member 80 includes a plurality of surfaces 80S at
different distances from the photographing device 60. That
is, it is assumed that the index member 80 has a stepped
surface 80S. A moving device that can move an index
member 80 in a direction in parallel with an optical axis of
an optical system 61 may be provided, and a distance
between the index member 80 and a photographing device
60 may be adjusted by movement of the index member 80
by the moving device.

Fourth Embodiment

The fourth embodiment will be described. In the follow-
ing description, the same sign is assigned to a configuration
element identical or equivalent to that of the above-de-
scribed embodiment, and a description thereof is simplified
or omitted.

FIG. 12 is a view for describing a hydraulic oil state
detection method by a state detection device 50 according to
the present embodiment. In the present embodiment, a
lighting device 90 is provided in an index member 80. The
lighting device 90 emits illumination light toward a photo-
graphing device 60. The lighting device 90 can adjust
intensity of the emitted illumination light.

The illumination light emitted from the lighting device 90
illuminates the photographing device 60 through a hydraulic
oil and a spacer member 52.

Image data (light reception data) of the illumination light
which data is acquired by the photographing device 60 is
transmitted to a server 110. A determination unit 111C of the
server 110 determines a state of the hydraulic oil on the basis
of the illumination light received by the photographing
device 60. The image data (light reception data) of the
illumination light which data is acquired by the photograph-
ing device 60 includes intensity of the illumination light
emitted from the lighting device 90 provided in the index
member 80.

The lighting device 90 emits illumination light with a
plurality of different degrees of intensity. Intensity of the
illumination light received by the photographing device 60
varies depending on transparency of the hydraulic oil. When
illumination light is emitted through a fresh hydraulic oil
(hydraulic oil having high transparency), the photographing
device 60 can receive the illumination light even in a case
where intensity of the illumination light is low. On the one
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hand, when illumination light is emitted through a deterio-
rated hydraulic oil (hydraulic oil having low transparency),
illumination light with low intensity is not received by the
photographing device 60. In such a manner, it is determined
whether pieces of illumination light with a plurality of
degrees of intensity are received by the photographing
device 60 according to transparency of the hydraulic oil.

Image data (light reception data) of the illumination light
which data is acquired by the photographing device 60 is
transmitted to a server 110. A determination unit 111C of the
server 110 determines a state of the hydraulic oil on the basis
of the illumination light received by the photographing
device 60.

As described above, it is possible to receive, by the
photographing device 60, illumination light with a plurality
of different degrees of intensity which light is emitted from
the lighting device 90 immersed in a hydraulic oil, and to
grasp a state of the hydraulic oil on the basis of whether the
illumination light with the plurality of degrees of intensity is
received.

Note that it is assumed in the present embodiment that one
lighting device 90 is provided in the index member 80 and
intensity of illumination light emitted from the one lighting
device 90 is adjusted. A plurality of lighting devices 90 may
be provided in an index member 80. Intensity of pieces of
illumination light respectively emitted from these plurality
of lighting devices 90 may be different from each other. The
plurality of lighting devices 90 serially emit illumination
light. The photographing device 60 serially receives the
pieces of illumination light respectively emitted from the
plurality of lighting devices 90. The determination unit 111C
can determine a state of the hydraulic oil on the basis of light
reception data of the photographing device 60.

Note that it is assumed in each of the above-described
embodiments that a state detection device 50 is attached to
a hydraulic oil tank 44. However, the state detection device
50 may be attached to at least one of a hydraulic pump 41,
a hydraulic motor 43, a hydraulic cylinder 3, a pipeline 42,
a pipeline 45, and a pipeline 46. A state detection device 50
may detect a state of a hydraulic oil in an internal space of
the hydraulic pump 41, may detect a state of a hydraulic oil
in an internal space of the hydraulic motor 43, may detect a
state of a hydraulic oil in an internal space of the hydraulic
cylinder 3, may detect a state of a hydraulic oil in an internal
space of the pipeline 42, may detect a state of a hydraulic oil
in an internal space of the pipeline 45, or may detect a state
of a hydraulic oil in an internal space of the pipeline 46.

Fifth Embodiment

The fitth embodiment will be described. In the following
description, the same sign is assigned to a configuration
element identical or equivalent to that of the above-de-
scribed embodiment, and a description thereof is simplified
or omitted.

In each of the above-described embodiments, it is
assumed that a state detection device 50 detects a state of a
hydraulic o0il in a hydraulic equipment that is one kind of a
machine device. The state detection device 50 may detect a
state of oil in a machine device different from a hydraulic
equipment mounted in an excavator 1. For example, a state
of a lubricating oil used in an engine 30 that is one kind of
a machine device may be detected by the state detection
device 50.

FIG. 13 is a view schematically illustrating one example
of the state detection device 50 provided in the engine 30
according to the present embodiment. FIG. 13 is a schematic

20

40

45

50

55

18

view in which the engine 30 according to the present
embodiment is seen from a side.

The engine 30 includes a storing chamber 31 in which a
lubricating oil is stored. The storing chamber 31 includes an
internal space of an oil pan 32 provided in a lower part of the
engine 30. The storing chamber of the oil pan 32 stores a
lubricating oil dropped from a component of the engine 30.

A suction member 33 having a suction port 33M to suck
the lubricating oil in the o0il pan 32 is provided. The suction
member 33 includes a tube having an inner flow channel
through which the lubricating oil can run. The suction port
33M has an opening provided in one end part of the tube. In
the present embodiment, an oil strainer 34 is arranged in the
suction port 33M. The suction member 33 sucks the lubri-
cating oil in the storing chamber of the oil pan 32 through
the oil strainer 34.

An oil pump 35 is provided in the suction member 33. By
operation of the oil pump 35, the lubricating oil in the oil pan
32 is sucked from the suction port 33M. The lubricating oil
sucked by the suction member 33 is supplied to the com-
ponent of the engine 30.

The component of the engine 30, for example, includes a
rotary member such as a bearing, and a sliding member such
as a gear or a piston. The lubricating oil supplied to the
component of the engine 30 lubricates or cools the compo-
nent. The lubricating oil supplied to the component of the
engine 30 drops from the component and is stored into the
storing chamber of the oil pan 32.

In such a manner, the lubricating oil circulates in a
circulation path including the storing chamber of the oil pan
32 and the component of the engine 30 by operation of the
oil pump 35 in the present embodiment.

The storing chamber of the oil pan 32 has a bottom part
32B. A state detection device 50 described in the above-
described embodiment is provided in the bottom part 32B.
With this arrangement, the state detection device 50 can
detect a state of the lubricating oil in the engine 30.

Note that it is assumed in each of the above-described
embodiments that image data acquired by a photographing
device 60 is transmitted to a server 110. After image data
acquired by the photographing device 60 is acquired by an
image data acquisition unit 21A of a control device 20 of an
excavator 1, a determination unit 21C of the control device
20 may determine a state of a hydraulic oil on the basis of
the image data acquired by the photographing device 60.
Also, the image data acquired by the image data acquisition
unit 21A and determination data indicating a result of the
determination by the determination unit 21C may be dis-
played on a display device 15 provided in the excavator 1.
With this arrangement, a driver of the excavator 1 can grasp
a state of a hydraulic oil in a hydraulic system 40 of the
excavator 1 by looking at display data displayed on the
display device 15 after key-on, for example. The driver can
take measures such as performance of work of changing a
hydraulic oil.

Note that in each of the above-described embodiments, a
communication terminal 300 may have a function of a
determination unit 21D.

Note that it is assumed in each of the above-described
embodiments that a work machine 1 is an excavator. The
work machine 1 may be a work machine different from the
excavator. The work machine 1 may be, for example, at least
one of a bulldozer, a wheel loader, a dump truck, and a
forklift.

Note that in the above-described embodiments, determi-
nation of a state of oil including at least one of a hydraulic
oil and a lubricating oil may be performed by an adminis-
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trator who looks at image data displayed on a display device
120 or a driver who looks at image data displayed on a
display device 15.
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The invention claimed is:

1. An oil state detection device comprising:

an index member;

a lighting device that illuminates the index member; and

a photographing device that photographs the index mem-
ber through oil in a machine device,

wherein the index member has a mark for determination
of transparency of the oil, and

a state of the oil is determined on the basis of image data
of the mark which data is acquired by the photograph-
ing device.

2. The oil state detection device according to claim 1,

wherein the index member has a plurality of the marks,
and

at least one of density, luminosity, and chroma of the
plurality of marks is different from each other.

3. The oil state detection device according to claim 1,

wherein the photographing device photographs a surface
of the index member, said surface arranged in each of
a plurality of positions at different distances to the
photographing device, and

a state of the oil is determined on the basis of image data
of the index member arranged in each of the plurality
of positions.

4. The oil state detection device according to claim 1,

further comprising

a plug that supports the photographing device, and

a spacer member supported by the plug,

wherein the index member is immersed in the oil stored
in an internal space of the machine device, and
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the photographing device photographs the index member
through the oil and the spacer member.

5. The oil state detection device according to claim 4,

further comprising

a holding member that is coupled to the plug and holds the
index member in such a manner as to face the spacer
member.

6. The oil state detection device according to claim 4,

wherein the plug is arranged in an opening that connects
the internal space and an external space of the machine
device, and

the photographing device is arranged in the external
space.

7. A work machine comprising:

the oil state detection device according to claim 1; and

a determination unit that determines a state of the oil on
the basis of image data acquired by the photographing
device of the oil state detection device.

8. A management system comprising:

the oil state detection device according to claim 1; and
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a determination unit that determines a state of the oil on
the basis of image data acquired by the photographing
device of the oil state detection device.

9. An oil state detection device comprising:

an index member;

a lighting device that illuminates the index member; and

a photographing device that photographs the index mem-
ber through oil in a machine device,

wherein the lighting device emits a plurality of pieces of
different colored light directed to the index member,

the photographing device receives the colored light
reflected from the index member, and

a state of the oil is determined on the basis of the reflection
light.

10. An oil state detection method comprising:

illuminating an index member having a mark for deter-
mination of transparency of oil through oil in a machine
device; and

photographing the index member through the oil,

wherein a state of the oil is determined on the basis of
image data of the mark.
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